Effect of a shallow nitrogen implantation in the channel region of n-channel 4H-SiC Hall bar MOSFETs on their electrical properties has been characterized by Hall effect. A significant improvement of Hall mobility in normally-off devices is observed with increasing nitrogen implantation dose up to 10 13 cm -2 with a peak Hall mobility of 42.4 cm 2 .V -1 .s -1 . Coulomb scattering as dominant scattering mechanism up to room temperature is demonstrated using temperature dependent MOS-Hall effect characterization.
Introduction
Today, silicon carbide (SiC) is certainly the most promising semiconductor for future hightemperature and high-power electronic devices due to its superior physical and electrical properties compared to silicon. However, the potential of SiC is limited by several problems [1, 2] ; one blocking point for the development of metal oxide semiconductor field effect transistors (MOSFETs) is the large density of traps at the SiC/SiO 2 interface. These traps can capture charges and act as Coulumbic scattering centers and hence reduce the mobility of channel electrons. Because of the large density of interface traps, commonly used transfer characteristic analyses are not suitable for the determination of electrical transport properties [3, 4] . Several reports have recently shown the beneficial effect of nitrogen (N) implantation in SiC MOSFETs [5] [6] [7] . In this paper, we report the electrical transport properties measured by Hall effect of 4H-SiC n-channel Hall bar MOSFETs fabricated with different N implantation doses (N int ) below the gate area. The measurements have been performed in a wide temperature range to infer the dominant scattering mechanisms.
Experimental
Samples. MOSFETs were fabricated on p-implanted wells (with an aluminum concentration of 5·10 17 at.cm -3 ) in n-type 4°-off angle 4H-SiC (0001) epilayers from CREE Inc with a net donor concentration of 8×10 15 at.cm -3 . Prior to implantation annealing and oxidation in N 2 O atmosphere, nitrogen was implanted in the channel region with different doses with an energy of 20 keV (see table 1 ). A detailed description of the fabrication process can be found in [8] . A schematic cross section of MOSFETs is shown in Fig. 1 . The channel length (L) and width (W) of the Hall-bar MOSFETs used in this study are 500 µm and 80 µm respectively. The distance between the voltage taps for Hall measurements is 100 µm. Electrical characteristics of N implanted MOSFETs are compared to not channel implanted one fabricated on a p-type epitaxial SiC layer with the same nominal characteristics without N implantation [9] . MOS Hall effect setup. Electrical properties of MOSFETs were measured in a wide temperature range (50 -500 K) and for gate voltages up to 20 V. MOS Hall effect measurements are carried out using an HL 5500PC Hall effect measurement system equipped with a cryostat (90 -500 K) from ACCENT TM with a permanent magnet (0.33 T) and a Physical Properties Measurement System (4 -400 K) from Quantum Design with a variable magnetic field (0-9 T). A scheme of the MOS Hall effect setup is represented in Fig. 2 . Measurements using the HL 5500PC are automated using a homemade LabView program. A particular attention to voltage sources and meters selection, cabling and electromagnetic shielding has been paid due the low level of the Hall voltage (~ 10 µV at 0.33 T) and the drain current (I DS < 1 µA). Noise level has been minimized using a battery for drain bias (V DS = 100 mV) and the Hall voltage was measured using a Keithley 2182A will internal low band pass filter with a cut off frequency f c = 18 Hz. A Keithley 2612A is used to bias the gate and to measure the drain current. For reliable measurements the MOSFET must be in the linear operating region, i.e. V th << V GS and V DS < V GS -V th , with V GS, V DS and V th the gate-source, drainsource and the threshold voltages respectively. The mobility (µ Hall ) and the charge carrier density (n inv ) were calculated assuming a Hall scattering factor r H = 1. 
Results and discussion
Transfer characteristics of different MOSFETs are presented in Fig. 3 . An increase in the sourcedrain current (I DS ) is observed with increasing N impl . Despite the different MOSFET fabrication processes compared to Poggi et al. [10] , this result also shows the benefit of N implantation on MOSFETs' electrical characteristic. In contrary to their results, a change in MOSFETs' operation mode from enhancement to depletion with negative V th is observed at high nitrogen implantation doses (i.e. N impl ≥ 5×10 13 at.cm -2 ). This difference can be explained by an incomplete N activation due to different annealing conditions employed in [10] . The switch to depletion mode at high N impl is attributed to the counter doping of the p-type well [11] [12] . Our results together with those of Poggi et al. [10] and Dhar et al. [12] show that the optimal N impl is a function of bulk acceptor concentration and annealing process.
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Silicon Carbide and Related Materials 2012 The free electron density in the inversion layer n inv increases linearly with V GS whereby ∂n inv /∂V G ~ 4×10 11 cm -2 .V -1 is by a factor of two lower compared to the ideal (e.g. interface trap free) case C ox /q ~ 8.1×10 11 cm -2 . This discrepancy is due to electron trapping at the SiC/SiO 2 interface [4] . Measured µ Hall of the enhancement MOSFETs is reported in Fig. 4 . as a function of the V GS . [15] . In addition, an increase in ∂n inv /∂V GS and a large increase of V th are observed at low temperature. These behaviors are believed to arise from electron trapping at the SiC/SiO 2 interface and shall be further investigated.
Summary
Electrical properties of n-channel 4H-SiC MOSFETs implanted with different N doses in the channel region have been characterized by MOS-Hall effect measurements. A significant improvement of Hall mobility is observed with increasing nitrogen implantation dose to 10 13 cm -2 before the change of MOSFET's operation mode from enhancement to depletion due to nitrogen counter doping. Coulomb scattering as dominant scattering mechanism up to room temperature is demonstrated using temperature dependent measurements.
